UNCLASSIFIED

AD NUMBER

AD474986

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Sep 1965.
Other requests shall be referred to Army
Research and Development Group [9984] [Far
East], Office of the Chief of Research and
Development, APO San Francisco 96343.

AUTHORITY

Army Research and Development Group ltr
dtd 24 Jun 1971

THIS PAGE IS UNCLASSIFIED




—_FINAL _____REPORT ON
CONTFRAOT NO DA_=CRD-AG-592-544~64-G27
INCLUSIVE DATES. 17_Sept. 1964 TO

16 Sept., 1965

e
g SUBJECT OF INVESTIGATION
< r =
Do
* NATURAL RUG RESISTANCE OF HETEROGENEOUS
p SINGLE CELL TRANSPLANTS
i
L -
RESPONSIBLE INVESTIGATOR
r =

Dr., Tomizo Yoshida

Director

The Medical Institute of Sasaki Foundation
l.. Surugadai Eb,xnnd(}'Chiyodn-ku, Tokyo, Japan_J

‘UU s
\j‘kﬂ J“ sJJ

U.S. Army Rcscarch & Dcvclopmcnt Group (9984) (Far East)
Office of the Chief of Research and Development
United States Army
APO 848




SECURITY
MARKING

The classified or limited siatus of this report applies
to eachk page, unless otherwise marked.
Separate page printouts MUST be marked accerdingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNTTED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF

{X% CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY

NOTICE: When government or other drawings, specifications or other
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.




Y T

o

i

D~I=S«T=~R=I«B=U~T-T=0=l

The distribution of this report as made by USA Ré&D Gp (FE)
is as follows:

Director of Army Research ( ,)
Office of the Chief of Research said Development, DA

ATTN: Chief, Research Programs Office

Washington, D. C. 20310

Army Attache, American Embassy, Tokyo, Japan (v

U. S. Army Medical Research and Development Command, (})
Washington, D. C. 20315 /
(20)

Defense Documentation Center, Cameron Station,
Alexandria, Virginia, ATIN: TISIA-2

%fj:;.ce of Primaz Scientifi;lliiaison (3
ATHH Nooleew Divisim

' (ol 5. B, Gelistein
D. 6o 2OMS

Office of Scien‘biﬁ&c Cognizance (/3
(Dto 50 Po Jonabus)

Walter Reed nuz‘xuum of Ressewch

Vashingteny D, 4O




A Y

ABSTRACT

NATURAL DRUG RESISTANCE OF HETEROGENEOUS
S8INGLE CELL TRANSPLANTS

Tomizo Yoshida
o= The Medical Institute of Sasaki Foundation, Tokyo

Population analysis of a cancer clone derived
, from a single cancer cell was made, using a clonal
. trareplant-strain of the rat ascites hepatoma, CL-
1-AH-66F, The natural resistance to nitrogen mustard
N-oxide and the chromosomal constituticn were studied,
after eatablishing subclonal tumors from the original
clons CL-1-AB=66F, The results indicated the follow-
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ing faots:
- le The cancer clone ie not a uniform but a complex
{ population of cells with different degrees of drug
resistance,

2. The degree of drug reaistance of the orignal clone
and its subclonea varies naturally within a certain
range during serial passages of them in compatible
hosta,

3+ No specific correlation was found between the de-
gree of drusg resistance and chromosomal feature of

the aubolones,

hi It was suggested that the variation ix drug re-
sistance of ocancer clone is not always asgociated to the
genetic huterogeneity of cells in the cancer clome,
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NATURAL DRUG RESISTANCE OF HETEROGENEOUS SINGLE CELL
TRANSTLANTS «= STUDIES ON THE NATURAL RESISTANCE
TO NITROGEN MUSTARD N-OXIDM AND CHROMOSOMES
OF CELLS WITHIN A CLONAL CANCER
CELL POPULATION

PR . I, INTRODUCTION

A cancer is a single clinical entity, but there
is a considerable degree of variation among its cell
population, Chromosomal variations have been demon=-
strated by many karyologists. No single chromosome
number is absolutely predominan. in a cancer cell
population. Eveh cells of a single~cell-deérived
car.ger clane differ from each other in their chromo-
somal features, and stable polyploid clones have
been isolated from predominantly near-diploid cancer

~ @ell populations,3)

Cells within a cancer differ from each other in
their degrees of natural resistance to nitrogen
mustard N-oxide (HN, N-oxide) and the degrees vary
naturally around a certain level during aniral
passages of that tumor.5) The term "natural re-
slatanca'" 38 usod here to denote the drug resistance
which the tumor shows at its onset, in contrast to
"agquired" or "induced' resistance which develops
following repeated contact of the tumor cells with
the drug,

The acqulred or induced drug resistance of some
tunora is accgmpanied by chromoeomal changes of
their cells,l/ However, the visible chromosomal
change does not always reflect the altered drug re-
sistance, A near-~tetraploid clone isolated from .ae
Yoshida sarcoma, a predominantly near-diploid tumor
c2ll population, showed the same degree of re-
sistance to nitrogen mustard (HN,) as the parental
population.$)

The present study attempts to demonstrate;
a) whether cellular constitution of & single-cell-
derived clonal cancer cell population is uniform as
regards the degree of natural drug resistance;
b) whether the degrec.of natural drug resistange
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of the cancer clone varies during animal passages;
and

¢) whether any corrolation is found between the dee
gree of natural drug resistance and chromosomal
features of cells in tine cancer clone,

II. MATERIAL AND METHOD
1, CL=1-AH~€E6F, a clonal tumor,

A clonal subline tumor of the ascites hepatoma
AB=-66F of the rat, desigiated as CL-l-AH-66F, was
employed, This olone was originally established by
transplantation of a single cell of the AH-66F and
then amaintained by serial psssages in "Donryu" rats,
The (L=leAH«66F showed a uniform growth and 100%
lethal takes in the rats. Morphologically, the CL-
1«AH=66F 18 a free cell tumor as seen from Figure 1

Figure 1, Phase-contrrst microscopic view of a
single-cell-derived cancer clone,
Cl=1=gH-66F, Individually isolated
hepatoma cells. 51st transplant
generation
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and the tumor cells do not nake cell~cluaters or «
bonding in amcitic fluld but they croliferate as
irndividually Jlecolatod single oello, The resictance
to EN» N-oxide and chromosomes of the CL=l-iH~60F
were examined using the ageltenm of the H3rd transw
plant generation, and every l0th cubeequent transe
plant generation,

Q¢ Intablisiiment of subeloral tumors from Cle
1-“-661“.

8ingle ocell transplantationa were carried out,
wsing the aggites of the CL-l-AH~G66F, At the time
of the tramaplantation, the olone CL-l~AH-66F was
between Slet to 52nd aerial traneplant gonoration,
T™he asoltea inoluding well-proliferated tumor cells
was removed from the rat 4 days after intraperi-
toneal tranaplantatior. with 107 CL-l-AH~-66F cells.
The asoites was diluted vith a mixture of equal
amount of horae aerus and Hanka' halanced salire
aodution to auch a degree that a droplet of this
diluted accitea might ocontain only cne or a fow
cells, The degreu of dllution varicd with dlffer-
ent denaity of tumor cells in the origineal uncites,
but it was always over 50,000 times, 4 droplot,
confirmed mioroecopiocally am insluding only one
cell, wac mucked into a glasa mierocapillary or
the aid of micromanipulator and injected intras
peritoneally into a pormal rat, Acocitic fluid of
the injeoted unimal vas examined every 4 days
after the injection am a rule, When the irans-
pantation wvas sucoessful and the cell was found
aotively multiplying, 10F cells were transplanted
into each rat uf the groupu cerving to examine
astural drug resistance and chromosomal features,
A total of 100 aingle cell tranaplantations wasn
ocarried out,

3« Examipation of natural drug rocsistance

HNy N-oxide, methyl-bisof-chloroethylaminoe Ne
axide, causes a characteristic cytolcgical effect
on ascites tumor ocells, B8cattering, coszulation
and laceration of chromosomes, chronosoma-bridge
and formation of giant tumor cells as well as
their necroeis take the majority of the cffect.
These ohargea are very conspicuous 80 that the
changea were used for the determiration of grage
of resistance,> The procedure wan gt follows,
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The rats bearing the clone CL=1-AH~66F or its sub-
olones, were injected intraperitoneally with vearious
doses of HN, N-oxide 3 days after trazsplantation
with 107 tumor cells. The injected drug will come
in contact in tue came way with all of tumor cells
floating in ascites. The ascites of injected rats
were microscopically examined for the cytological
effect caused by the drug using Giemsa-stained
smears every 24 hours until 96 hours after the drug
injection., The procedure was repeated and the mini-
mum dose of the drug :iequired to induce the cytolo-
glcal effect on one-half of all tumor cells present
was determined and 'esignated as the minimum ef-
fective dose - MED. The MED was represented as
indicator of the degree of natural resistance to the
drug, The larger the MED of a tumor is, the more
resistant to the drug the tumor is, and vice versa.

4, Examination of chromosomes.,

Colojicine-treated l=day=-old tumor ascites of
the original olone CL-1-AH-66F or its subclones were
used, Five hours before the ascites sampling, each
of the tumor animals was injected intraperitoneally
with colchicine dissolved in physiological saline,
in a dose of 0,035 mg/kg of body weight, The ascites
obtained was mixed in a test tube with 0,04 mol.
NaCl solution kept at 37°C. Ratio of the ascites to
the NaCl solution was 1:20, After shaking the tube
vigorously, it was kept at 37°C for about 10 minutes,
The fluid was centrifuged and the supernatant waa
decanted, The sedimented tumor material was stained
by additicn of aceto-orcein solution of about 5
volumes ¢f the tumor material, sttirring with a glass
rod. A drop of the material was placed on a slide
glaas, covered with a cover slip under preasure and
sealed with dalsam-paraffin, Fifty well-spread
sotaphase plates wero observed for each preparation,
Magnification used for thoe examination was 1,00CX,
All the obmerved metaphase chrormosomes were urawn
and photograrhic records werc zade, The number of
chronosomes and thelir morphological craracteriptios
were atudiad,

5. Serisl trausrlantations of the clony CL-l-
AR-66F and its subclcenes,

The oricinal clonal tumor CL-l-AH-6tF and its 6
subclonal tuturs have been succearively transpianted
in Donryu rats. The number of inoculated collc was




107 at every transplantation, The 6 subclones used
were those with different MED and/or ploidy as de-
soribed later. They were selected from all the sube
clores developed by the single cell tranaplantations,
The MED and chromosomes of these 6 subclones were
studied at every 10th transplant generation and com-
pared with each other and with those of the original
clone CL=1~AH=56F, Throughout these experiments,
male Donryu rats weighing about 100g were employed.
The anigxals are genetic.2lly high homogeneous strain
of rat7’ and their susceptibility to the transplan=-
tetion of CL-l1=-AH=66F cells was 100%, as stated
above, They were housed in metal cages, 5 to a cage.
The semisynthetic cube diet (CE-2, Central Lab. Exp.
Animals, Tokyo) and wator were given ad libitum,

III. RESULT

1, Natural resistance to HN, N-oxide of clone
CL=l-AH-66F and its subclonss.

An amcites tumor developed in 44 of 100 rats
whivh received a single CL-1~AH~66F cel) intraperi-
toneally. Twenty-eight of these 44 subclonal tumors
were examined for their MEDs, Resulta of this exami-
nation revealed that 5 types of subclones whioch
dif.ored in the MED had been derived from te single
original transplanted cells (Table 1), One of the

Table 1

Natural Reaistance to HN, N~oxide of Subclonal
Tumors from Clone CLel-AH=-G6F

[ —

MED of HN» N-~oxide

No, of zubclones

(mg/kg)

2 10,0

1 5.0

11 1.0

12 0,5

2 0.1
{Iw=l=AHe66F, parental 1.0

olonal ocell populationv

Examinations: CL-1-AH-66F, 53rd gen,; Subclones,
lst gen.
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types of the subclones showed the same MED as the
original clone CL-l1~-AH-66F, while the remaining &4
types of the subclones hnd MEDs whick were higher or
lower as compared with that of the origiral clone,
This meanc that the clonal tumor CL-1-All=G6F is a
ocomplex of at least 5 kinds of cells regarding the
degree of natural resistance to HNp N-oxide,
Therefore, ti: drug :-:zistance of the clone is the
averaged sum of that of all its constituestc. witl
diffcrent degrees of rosistance,

2, Variation in natural resistance to HN, N~
oxide of clona CL~-l-AH~66F anc¢ its 6 subclones
during serial animal transfers.

Repeated examinations for the MED of clone CL-l-
AH~66T and its 6 subclones were porformed at differe
ent transplant generations. Results are indicated
in Table 2, The MED of the parental clone was 1.0

Table 2

Natural Resictance to HNp N-oxide of Clone ClLel-AHw-
66F ite 6 Subclones during Serial Animal Pascages

MED (mg/kg)

Generation

lst 10tk 20%th  30th 40th  50th
Subclonn~l 10,0 el 5¢0 5.0 05 1.0
Subcloae-2 5.0 1.0 Ce5 1a0 0.5 1.0
Brbclone-3 1.C 1.0 1.0 1.0 560 065
Subclono~st 1.0 1.C 1.0 1.0 Ce5 0.5
Subclong=5 CeH 1.0 1.C Y 1,0 0.5
Subeclons~6 0,1 C.5 1.0 1.0 1.0 1.0

CL~1=A3-66F . - .
wental Clone .L.O 500 U'-S 1&0 1,.0 .1..0
(gend) (53> (6&2) (72)  (82) (92) (1020

at the first cmamination. Although it variced upwards
and downwards during the subscyguent 20 pamssages it
settled et the MED level of 1,0 at the latest 30
tranoplant genorations. The MEDs of more resistant
gubclones, i.e. Subclone~l and Subclone..2, decreased

6




gradually whereas those of leass reaistant ones, i,e,
Subclone~5 and Subclone-6, increased with repeated
| animal passages. The remaining 2 subclones, Sub=
elone~3 and Subclone-li, also varied in their MEDe
»jhrongh the passages. All these subclores reached
1,0 or 0,5 MED level at the 50th transplant gener-
‘ . ation. This means that the MEDs of the original
clone and subciones naturally vary during animal
: passages around the MED level of 1.0 of the original
5 clone and even the subclones whose MEDs deviated at
: first far upwards or downwards from the MED of the
ariginal parental clone showed later the MED level
of the original clone, The range of variztion was
evidently within the MED levels 0,1-10,0 shown by
different subclones when established from the orig-
inal clone CL-1~AH=66F,

3 Chromosome features of clone CL-l-AH-66F and
C its 6 asubclonss.

The chromosome numbers of the original clone
and its subclones are shown in Flgure 2, A slight

CL-1-AN-08F

q Wrigiont elene minne X,
N L :
| » Sabclone-i i : \
: Subclons-2 * mansa’X,
[}
e Subsiens-3 agene’X,
o & -
; g.. Sudcione-4 .,.,,.;x,
.% = 291 .
i o | | Subcione-d s 2
e
o Sabclons-6 atner’,
»l 4
@ n e K n

Seof Chromesomes

Figure 2, Distribution of chromosome number !
and MED of original clone CJlLel~AH-
66F and its 6 subclones.

' Examinations: CL~-l-AH=-66F, 53rd gen.; Subclones,
(‘O 1st gen.
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variation with the modal peak is seen in the distris
bution of chromosome number, The modal chromcsome
oumber of 4 euboclones, i,e, Subclone-l, Subclone-2,
Subolone-4 and Subclone-5, was 38, a near-diploid
number; the same number as that of the original
clone, The modal chromosome number of Subclone~3
was 76, just double the number of the modsl chromo-
some number of the original clone, while that of Sub-
olone-6 was 3?7, the number differing very slightly
but distinotly frok the modal chromosome number of
the original clone,

Figure 3 showa typical metaphase chromosomes

CLh2N-00 .“”“0!00- M“&nnn 131 LT ;o
sedctone-t BRBOARDOG... ’““uluunuu B an
Schelone-3 miluun. ’.MM!“ FE LT ;o
§000000000000020500000e.. nﬂlﬂﬂmmu

§003833888a000s 20023 RBRERNINL e LY

Sobclone-4 ““lluuo. ,M‘Hﬂnln sugsen ;o
Sobclons-d ”...mo.u ”..““m.“l sastass . v

Sebclone-b '.‘....0‘000 ;"“l“"ll.llu F{T LI itw

Sohslons-3

Figure 3, Typiocal metaphase chromosomes of the
original clone CL=-l-AH-66F and its 6
subolones, Chromosomes were arranged
from left to right in order of de-
creasing length in groups of the same
types, telocentric, submeta- or sub-
telo~centric, metacentriv and minute
ones, Markers are indicated by .the
8ymbol f + Numbers of chromosomss
are sh in parentheses,

Examinationse: OL-1-AH-66F, 53rd gen.; Subclones,

lst gen.
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: C which are most freguent in the modal regions of the
original clone and its 6 subclones, The chromosomes
were classified, according to the location of the
constriction or size, into 4 types, telocentric (T),
metacentric (M), subtelocentric or submetacentric (8)
and minute (m) chromoscmes. The length ratio of both
arms of M chromosome ranged from l:1 to 1l:l.3, All
the chromosoues were arranged in the order of de~
creasing size in- groups of the same type, The number
of eachk type of chromosomes varied slightly even in
the modal idiogram, but the most frequent pattern is
indicated in Figure 3,

Morphologically, not all the chromosomes in each
of the present near~diploid tumora could be brought
into pairs, Two kinds of chromosomes. with conspicuous
shape and size were noticed, One of the largest 8§
(submetacentric) and one m chromosome, shown by the
symbol 7 in Figure 3, were preasent in the chromosomes
of the original clone, These characteristic chromo-
somes present 'markers" for the chromosomal pattern
of CL-l~AH~66F, The markers were also detected in
each subclone, Subclone~3% cells with doubled the
number of chromosomes of the original clone had 2 of
each marker chromosome,

The chromosome number and chromosomal pattern of
L pubclones, i,e. Subclone~l, Subolone~2, Subclone~l
and Subclone~5, showed comprete conformity to those
of the original clone, Therefore, it is evident that
these & subclones were derived resepectively from
single cells of the modal area of .he original clone,
It is unlikely, however, that Subclone-~3 with the
modal chromosome number of 76 is a descendant of a
single polyploid cell of the origlnal cloné. In the
population of Subclone~3 thore are cells of 38 chromo~
somes, though they are les frequent, which are quite
idortical to those of the modal region of the original
olonc, It is diffiocult to believe that during nitotie
division of ~ single original tetraploid cell it pro-
duoes diploid cells with just one~half the chromosome
oconposition of the original polyploid, (n the other
hand, it is a well~known fact that totraploid cells
develop from diploid cells, This would suggest that
the nesr~diploid cells in Subclone-3 were not derived
from a near-tetraploid cell of the original clone.
Nesr~tetraplolids predominating in Svbcdlone-3 could be
descendants whioch ocorred during proliferations ot the
original traneplanted near-diploid cell,

it s s e ot . pa—




The chr.moscme pattern of Suboclone=6 showed that
a small 8 or M element is lacking compared to the sét
. of 38 chromosomes of the original clome. This type
C of ohromosome pattern was detected in less that 10% in
the original oclone of the 53rd generation,

TTAL TR o) BB ¥ 30 o

As seen from Figure 2, 3 subcloneg,Subclone-1,
Subclene~2 and Subclone~5, whose chromosomal patterns
are the same as those of the original clone, differed
in MED of HN, N-oxide from the other subclones and
the original olone. Subclone-3 and Subclone-4, which
showed the same MED as the original clone, differed
in ploidy. This means that the chromosomal feature of
tusors have no special relationship to their degree of
; drug resistance, Subclone-6 differed in both chromo-
3 somal pettern and MED from its original clone.

4, Variations in chromosomal features and MEDs
of clone CL=-1l=AH~66F and its 6 subclones,

‘ Results of the repeated examinations of chromo=-
somes of each tumor line are indicated in Figure 4,

Cl-l-AN-66F  Subcione-1  Subclome-2  Subclone-3 Subclone-4 Subclone-S Subclone -6

éom.

(1.0} uo.o)l (5.0){ (1.0) I (l.o).’ (0.5) 0.1
st ; "

| [

(5.0 (5.0) I 110)§ (1.0) I (s.m} (Lo)| fo.5) |
(0.5 I (5.0) I (0.5 (1.0) I 0.5 a0l .0
A—— '-ﬁ ;._...-.—';AL - .—_,—-*
1.0} l (s.0) I (t.o)| (.0 I I (n.s)EI (1o} Q.0)
sl p—t L o 'Y 4 -—-vb-—-#

(1.0) (0.5) 0.8 (1.0) . .
40 0.5) (o] (.0
i — N - N !
S0t (1.0) (1.0 {1.0)! ‘o.8) (0.8 (0.8 (1.0
® N N A

] " n n [ 20 n
Chromesems Number

-
[

e

=

-
=S
Frogeesey (%)

[~
=

Figure 4, Distridbution of chromesome number and
MED of original clone CL-1-AH=66F and
its 6 subclones at different trans-
plant generations of animal passsger.
O Number in parentheses shows MED,
Underline numbder indioates transplant
generatien of the original clene,
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The modal chromosome number of the original clone was
38 at the first oxamination as stated already, but a
very slight and temporary shift from 38 to 39 in tre
modal number was found 9 passages latoer, them the
number again fell to 28 and was stable thereafter,
The modal chromosome number of Subclone-l stayed at
38 for 30 passages but then changed to 73 where it
remained through the 50th transplant generation. No
variations were detected in the modal ohromosome
aumbers of Subclone~-2, Subclone-4 and Subclone~5,

The modal chromosome number of Subolone-3 was 76 and
it remained at this level during 30 animal transfers,
but decrsased to 7?4 at the 40th transplant gemeration
vhere it remained at the 50th transplant generation.
In the remaining Subclone-6 the modal chromosome
aumber was first 37, dbut then it rose to 73 at the
10th generation and persisted to the 40th transfer of
this subclone, and then decreased to 72 at the 50th
transplant generation,

Comparative studies of modal chromosome patierns
demonstrated that no marked varia tions occurred in
Subolone~2, Subclone-4 and Subdlone-5 during their 50
passages, As to the remaining subclones and the orig-
inal clone, the following findings were obtained.

(1) Original clone, CL-1-AH~66F, The shift from 38
to 39 in the modal chromosome number was reflected by
one small 8 or M type chromosome in addition to the
original set of 38 modal chromosomes of the 53rd
transplant generation. The saue pattern of 39 ele-
ments was also found in about 8% of the metaphases of
the 53rd generation. Even when the modal chromosome
number was 39, cells with the original set of 38 ele-
xents were detected in about 25% of the cells and such
cells were in the majority again in later transfers of
the original clone,

(2) B8ubolone=)l, The modal pattern of 38 chromosomes
peraisted during 30 transfers., The modal chromosomes
in the 40th and 50th venerations showed that T, M and
m elements doubled in number, compared to the original
set, while the number of 8 chromosomes: was less than
the expmted doudle number. There was a 2-fold inorease
in the 8 and m marker chromosomes.

(3) Subelone=3, The modal chromosome number of 76,
in the first 30 transplant generations was reflected
by the presence of each element in just the double the
number of chromosomes as in the origina. clona, The
shift from 76 to 7% was seen with the decrease of
small 8 o M elements,

(3) Subclone=5, The modal number of chromoscmes was

b




37 at first, The modal chromosome psttern in the 10th
to the 40 generations revealed almost twice the number
of each type of the 37 chromosomes with only one de-
fiocient small 8 or M chromosome., In the 50th transter,
one more element of small S or M wae lost,

fhe modal ohromosomes of the & subclones of the
50th generation are shown in Figure 5.
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Sobclons-3

Subclone-b

Fgure 5, Typical motaphase ohromosomes of the
original clone CL-1-AB-66F and ite 6
subclones, Compare with Figure 3 and
pote the difference in chromosomal
patterns of Subolone-1, Sudbolone-3 and
Subolone=-6,

Exaninations: CL-1-AH-66F, 102nd gen.; Subclones,

50th gen,

Pelyploid cells where ocour in the near-diploid
oell pepulation beocome the predoainant cell type
ocooanienally, However, it seems to bde rare that near-
tetraploids with exaot doudled sets of the original

12
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near=~diploid chromosomes predominate in a cancer cell
population for long periods of animal passages, As PP
seen in the case of Subolone-~3, the observed ploidy "
change zay be sxpressed as 2n' <) 4n'w Ln'-x, when the-
original pattern of chromosomes shown by 2n', Similar
varlations might be possible for the development of
near~tetraploid Subclone~l and Subclone=6, although

the modal predominance of cells with just 76 or 7
chromosomes =exact doubling of chromosomes of the

onset of theze subclones, was not encountered by the
present limited number of chromosome examinations at
intervals,

Comparative studies of MEDs and chromosome
features of egech tumor line at varioue transfer gen-
erations dlsoclosed that there are no specific corre-~
lations between them, The degree of drug resistance
and chromosomal Features in cancer clone can vary
independently,

3¢ Growth sharacteristies of clone CI~l~A~ 66F
and its 6 subclones,

Transplantat.lity and hont survivcl time of
theae oclonal and subeclonal tumors showed a conaiderable
similarity (Tadle 3), The inclidence of lethal ''takes"
Table 3

Tranaplantability and Survival Time ot
Hoats of CL-)l~AH=-G66F and its 6 Subolones

No, of Med, Surv,
Tumors Generationa Reolplents Takes % %time in days
QL-l-AH=66F 53102 98 98 100.0 9
Subolone~1 1-50 98 98 100,0 -]
Subolone~2 1~50 96 96 100,0 9
Subolcpe~ 1=50 9k 9i+ 100,0 9
Subolone 180 93 93 100,0 9
Subalane-~5 1«50 97 9?7 100,0 9
Sudbolone=b 1=50 96 96 100.,0 10

was 100K for esch tumor line, Median survival time
of the hoets was 9 days for the original clone and
for the 5 sadclones, while the survival time of the

13
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remaining Subclone-6 was 10 days. Any significant
differences in the survival time were not detected
defore and after chromosomal changes of Subclone-1
and Subolone-6, The ascitic picture of egch tumor
line was also quite similar, It was characterized
by individual proliferating tumor cells, however,
the sise of she living tumar cells vearied with the
oell strains, Cells of near-tetraploids such as
Sudbolone=1l, Subolone-3 and Subclone-6, were larger
than those of nm-ﬁi'jloida, i.e, the original clone,
Subelone~2, Subolon and Subclone~5 (Table 4).

Table &4
Diameter of Tumor Cells

Diameter in

Tumors (Ho : SIDQ)P
OL=1=-AH=-66F
(orig. clone) 1.1 £ 1.3
Subolone< 16.9 + 047
Budolone-2 13,6 + 1.3
Bubolono:z 18,0 ¥ 1.5
Subolone 13.5 + 1.1
Subclone-5 14,7 £ 1.1
Subolone~6 17.4 + 1.4

Measured on living 100 cells of
fresh b-day-o0ld asoites in a
ochanber with a depth of 0.1 =m,
using NIKON filar-miorometer.

e ascites of each tumor line was accompanied by
heaorhage wually 5 days after the intraperitoneal
transplantation when saall loocal invasions in variows
paritonsal tissuss were macroscopioally deteoted.
Distant netastanes were frequently seed in the medi-
astinal lyuph nodes and scmetimes in the lungs, W
sarited 21.fference oould be found in the incidense
wad/on l;:: of looal invasion and metastases of the
?7 e o
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IV, COMMENT

The present study shows the cellular variability
of a single-cell~derived cancer clone, This can be
eoncluded from the fact that cells of a clone differ
from each other in their natural resistancé to HNp Ne
oxide, Therefore, the drug resistance of the clone
is the averaged sum of that of all its constituents
with different degrees of resistance, It is said
that corparable and chromosomally-different cancer
olones differ from each other in thsir physiological
and immunological characteristics.2) However, it was
imposa.ble in this study to find out any clear corre-
lation between the degree of natural resistance to
HN2 N-oxide and chromosomal features of the present
subclones; MED variec even if the chromosomal feature
was the same and vice versa, the MED was similar when
the ploidy was different.

: The drug resistance and chromosomal constitution
during serial animal passages of the criginal clone
and ite subclones in compatible rats were examined
repestedly., The results ahowed that the AN, N-oxide
MED wvaried within a sertain range but there was a
tendency for the high or low MED to approach that of
the modal MED cf the original clone. Thus, the vare
iation in NN, N-oxide resistance could not be the
result of a stadle, geanetic change of cells dut of a
physiological or adaptive change, Occurrence of
varied MEDs may be explained as the result of vari-
ation of the frequency ratio of the cells with fluotu=
ated and different resistance in the clonal and subd=
elonal populations during animal passages.

It was also demonstrated that the shift frea
the near-diploid to the near-tetraploid in chromoe-
somes osourred in 3 subclones, The ploidy varistion
oould be expr .ed as 2n' ¢ 4n' o bn'ex, Similar
vlriatig?o have been observed in different rat ascites
tumors. During animal passages of the original
clone, & slight shift wae found in the modal ohromo-
some number, ?This change was transisnt, however, re-
verting back to the original modal numder.

Geasrally, it can be said that near-tetraploid
twmor ocells ariee from near-dirlcad tumor cells and
some ol the polypioids predominate the tumor cell
pepulation in esrtain hosts, This phenomenon, 80 far
a8 obeerved $11l1 aew, is & stable change during eeri-
s} transplant genserations, although slight variatioms
in the chromosose number from ' were found. It was

1
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difficult to ascertain the significance of these
changes on inheritable charagteristics of these ma-
lignant cells, On the other hand, the transient
slight variation in the modal chromosome number in
the Cl-l-AH=66F clone was an interesting fact. Its
mode of apperance or significancer can not be ex-
plained, although it may be due to the development
of variant with higher growth advantage., Another
possidility may be that the change was the rassult of
altered host conditions., Of course both mechanisms
may not be mutually exclusive, Similar uxplanations
may be required for the Ifact of establir .ment of
Subclone~6 with the modal chromosome number nf 2n'-l,
37y from the originsl clone with the modnl cLromosome

No significant differences were detected in
general bioslogical characteristics such as transplan~
tability, life span of hosts, local invasion, me-
tastatic ability, etc,, among the original clone and
its subclones,

V. SUMMARY AND CONCLUSIQN

Population analysis of a cancer clone derived
from a aingle cancer cell was made, using a clonal
tranaglant-atrain of the rat ascites hepatoma, CL~-
1-AH-66F, The natural reaistance to nitrogen mustard
N-oxida and the chromosomal constitution were studied,
aftor establishing subclopal umors from the original
olone CL-1-AH~-66F, The results indicated the follow-
ing faote:
le The cancer olone is not a uniforas dut a complex
population of cells with different degrees of drug
sesistance,

2. The degree of Arug resistance of the original clone
and its sudclonos varies naturally within a ocertain
tange during serial passages of them in cmpatidle
hoete.

3« %o specifioc correlation was found :stween the de-
gree of drug resistance and chromosomal feature of

the sudolones.

& It was suggested that the variable d&rug resistance
of ocanoer clone is not always associated to the ge-
netic heterogeneity of cells in the cancer clone.
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